
CENTER FOR TOKAMAK TRANSIENTS SIMULATION 

CTTS Overview 
Stephen C. Jardin 

SciDAC-4 PI Meeting 

Hilton Washington DC/Rockville July 16-18, 2019 



CTTS Participants 

PHYSICS TEAM 

ÅPPPL:  C. Clauser, N. Ferraro,            
I. Krebs, S. Jardin, C. Liu 

ÅGA: C. Kim ,L. Lao, B. Lyons, 
J. McClenaghan, P. Parks 

ÅU. Wisc: C. Sovinec, P. Zhu 

ÅUtah State U:  E. Held 

ÅTech X:  E. Howell, J. King,  
S. Kruger 

ÅSBU:  R. Samulyak 

ÅHRS Fusion:  H. Strauss 

 

HPC TEAM 

ÅRPI:  M. Shephard, S. Seol,   
W. Tobin 

ÅLBL:  N. Ding,  X. Li,  Y. Liu,   
S. Williams 

ÅPPPL: J. Chen 

ÅSBU:  R. Samulyak 

2 

26 participants 
9 institutions 



Center for Tokamak Transient Simulations 
Outline  

1. Code Descriptions 
 

2. Forces due to Vertical Displacement Events  
 

3. Disruption Mitigation via Impurity Injections 
3.1 Stand Alone 
3.2 via code coupling 

 
4. Runaway Electrons interacting with MHD 
 
5.  High-Performance Computing 

3 



Center for Tokamak Transient Simulations 
Outline  

1. Code Descriptions 
 

2. Forces due to Vertical Displacement Events  
 

3. Disruption Mitigation via Impurity Injections 
3.1 Stand Alone 
3.2 via code coupling 

 
4. Runaway Electrons interacting with MHD 
 
5.  High-Performance Computing 

 
 
 
 
    
 
 
\ 

4 



j 

Z 

R 

M3D-C1 and NIMROD solve 3D MHD 
Equations in Toroidal Geometry including 
Impurity Radiation and Runaway Electrons 
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Å Also, separate equations for resistive wall and vacuum regions 
Å Different options for Runaway Electron current JRA 

Å Option for energetic ion species (not used here) 
5 



M3D-C1 and NIMROD have very 
different numerical implementations 

       M3D-C1              NIMROD 
 
Poloidal Direction        Tri. C1 Reduced Quintic FE                     High. Order quad C0 FE 
 
Toroidal Direction    Hermite Cubic C1 FE                               Spectral 
 
Magnetic Field 
 
Velocity Field 
 
Coupling to Conductors        same matrix                  Separate matrices w interface 
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Both codes use: 
Å Split Implicit Time advance 
Å Block-Jacobi preconditioner based on SuperLU_DIST 
Å GMRES based iterative solvers 
Å Impurity ionization and recombination rates from KPRAD 
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Vertical Displacement Events:  (VDEs) 

Å Initial emphasis was to perform benchmark calculations in both 2D and 
3D for code verification and validation ȣ ÁÌÓÏ ×ÉÔÈ JOREK (EU code) 

Å We are also validating results with data from the JET experiment 

Å Primary application is to ITER 

VDE can occur 
when position 
control system 
fails, causing 
discharge to 
move up or 
down and 
contact wall 

5.3 T 15MA ITER 
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Linear VDE benchmark between 
M3D-C1, NIMROD & JOREK 

Equilibrium poloidal 
magnetic flux in M3D-C1 

Å Realistic equilibrium (NSTX) but simplified geometry 
that all codes can handle (rectangular resistive wall)   

    
Å Codes agree to within 20% on growth rates over wide 

range of wall resistivity 

I. Krebs, C. Sovinec, F.  Artola 9 
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2D Nonlinear VDE benchmark between 
M3D-C1, NIMROD & JOREK 

Poloidal magnetic flux 

Å Good agreement amongst 3 codes on time evolution 
plasma position, plasma and  wall currents, and forces.  

Å Benchmark still underway to resolve small differences 
Å 3D benchmark to begin soon  

I. Krebs, C. Sovinec, F. Artola 10 



3D M3D-C1 simulation of JET VDE shows 
origin and magnitude of sideways force ɀ 1  

t = 2.2 ms t = 0.0 ms 

Jf Jf 

Å Plasma drifts upward and scrapes off 
 

Å Sideways force arises when q(a) < 1 and 
large (1,1) mode develops 

H. Strauss 11 



M3D-C1 simulation of JET VDE shows origin 
and magnitude of sideways force ɀ 2 (of 2) 

ÅD FxC1 ɀ sideways force as 
computed by M3D-C1 

ÅD FNC1 ɀ Ȱ.ÏÌÌ &ÏÒÃÅȱ 
approximation from M3D-C1 

ÅD FN all ɀ Ȱ.ÏÌÌ &ÏÒÃÅȱ ÆÒÏÍ ÁÌÌ 
JET disruptions in 2011-16 
ILW database 

ÅD F N VDE ɀ Ȱ.ΦÌÌ &ÏÒÃÅȱ ÆÒÏÍ 
JET VDE disruptions 

Å JET uses an approximation to the 
ÁÃÔÕÁÌ ÆÏÒÃÅ ÃÁÌÌÅÄ ÔÈÅ Ȱ.ÏÌÌ &ÏÒÃÅȱ 

Å M3D-C1 gives value for Noll Force 
mostly within 20% of experimental 
data using scaled values of twall 

Å These are now being extended to use 
actual twall 

H. Strauss 
Ȱ.ÏÌÌ &ÏÒÃÅȱȡ DFN = pBDMIZ 
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High Resolution Poloidal unstructured 
mesh used in ITER calculation 
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Full Mesh Close-up of Plasma Region 



L/R time of vessel determined from 
simulation without plasma 
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ÅSimulation with constant loop 
voltage applied at t=0 & no plasma 
 

ÅWall resistivity adjusted to give 
correct L/R time 

Simulation time:  1,100,000 tA 



M3D-C1 is being interfaced with the 
CARRIDI engineering code to 
produce realistic forces for ITER 

P:   t = 0 P:   t = 664 ms 

Å CARRIDI is presently interfaced with the 2D 
equilibrium evolution code CARMA0NL 

Å Benchmark between M3D-C1 &  CARMA0NL   
was presented at EPS meeting last week 

Å Now interfacing M3D-C1 VDE simulation with 
CARRIDI to extend analysis to 3D plasma 

CARRIDI detailed electro-
magnetic model of ITER 
structure. 

C. Clauser, F. Villone 15 



Large poloidal currents shared 
between plasma and structure (halo 
currents) develop during VDE in ITER 

Halo currents ( shown in 
yellow) pass between 
plasma and structure 

Å Large force due to halo currents is compensated 
by reduced force due to toroidal currents !! 

Å However, these halo currents can produce large 
ÌÏÃÁÌÉÚÅÄ ÆÏÒÃÅÓ ȣ ÅÖÁÌÕÁÔÅÄ ×ÉÔÈ #!22)$) ÍÏÄÅÌ 

C. Clauser 

Force due to 
Halo currents 

Force due to 
Toroidal currents 

Total Force 
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